It is shown that the entropy of systems with large number of degrees of freedom is practically independent of observers, contrary to the claim of hep-th/0310022. *
In the paper [1] the authors consider entropy of an object as seen by observer in uniformly accelerated reference frame and arrive at the conclusion that it can be much less than and even independent of the entropy of the object in inertial frame(Minkowski space) provided that the object has sufficiently many internal states n, n ≫ e E/T ,
where E -the energy of the object, T =ha/2πc -the Unruh temperature for the observer moving with proper acceleration a.
To support such a strange conclusion (indeed, if true, it would completely overturn our usual views about physical world since, for instance, the notion of entropy would lose its physical meaning and become just a feature of chosen reference frame !), the authors consider as an example single mode excited mixed state of an n-component massless scalar field in Minkowski space. The elements of the diagonal density matrix ρ M of the state are
where |0 M > -Minkowski vacuum state of the field, a iM , a + iM -the corresponding annihilation and creation operators of modes with energy E for each field component i. For such a state the energy E M = T r(ρĤ) = E, whereĤ = E n i=1 a + iM a iM -the hamiltonian, and the entropy S M = −T r(ρ ln ρ) = ln n. Then the authors calculate the density matrix ρ R1 of the above state from the point of view of accelerated(Rindler) observer for the case when the excited mode has support only in one(say right) Rindler wedge, i.e. the object is "present" for the right Rindler observer and "absent" for the left one (classically). In this case the Minkowski annihilation operators are simply expressed in terms of the Rindler annihilation and creation operators a iR , a + iL [1] , [2] :
where the subscripts R(L) correspond to the right(left) Rindler wedge respectively. The diagonal elements of the matrix ρ R1 are(as calculated in [1] ):
where k i -the Rindler particle number of ith field component, ρ R0 -the thermal density matrix of Minkowski vacuum state from the point of view of the Rindler observer [2] , which is in this case
(|k 1 , ..., k n > is the Rindler state with k i excitations of the i-th field). Formula (4) is the correct Rindler density matrix for the Minkowski state (2), its trace
The authors then argue that the entropy which the Rindler observer ascribes to their "object" S R is equal to
They calculate this difference approximately as −T r(ρ R1 −ρ R0 ) ln ρ R0 and assert that such an approximation is valid at large n satisfying (1), when "there are already many such objects in Minkowski vacuum from the point of view of Rindler observer" and therefore "δρ = ρ R1 −ρ R0 ≪ ρ R0 ". The following explicit calculation (9),(10) shows that this reasoning is incorrect and makes clear why. Usually, the Rindler entropy of Minkowski vacuum state in Quantum Field Theory is divergent due to the infinite number of states per finite interval of energy [3] - [6] and is equal to the quantum entanglement entropy [7] , [8] for a half-space [5] . Here, however, we are dealing with (rather ideal) system which has just one energy mode E. Therefore in our case the Minkowski vacuum Rindler entropy is finite and can be readily found from (5):
which is the number of components n times the entropy for one mode of one free scalar massless field [3] - [8] , as should have been expected due to the mutual independence of the field components. Similarly, the entropy of the "one-object" state (2) as seen by Rindler observer can be calculated exactly(without any approximation !):
(both formulas (9) and (10) are needed, see below). From (10) we see that the difference S R = S 1 R − S 0 R contains the Minkowski entropy of the object S M = ln n plus the additional Rindler(entanglement) contribution which turns out to be equal to the corresponding entanglement entropy difference between the one-particle(single mode) Minkowski state of one component(n = 1) free massless scalar field and the Minkowski vacuum state of the field. The last quantity, calculated previously in [6] , coincides with ours(if we denote µ = exp(−E/T ) as the authors of [6] did). The non-vacuum entanglement contribution S 
where γ E = 0.577... -the Euler constant, B 2 -the second Bernulli number. Thus, for large n ≫ 1 this entropy contribution is always small in comparison with the Minkowski "object" entropy S M = ln n. Only for small n ∼ 1 and low energies E ≪ T it becomes the same order of value. Therefore at the last conditions such an object is actually quantum mechanically mixed with and cannot be physically distinguished from vacuum fluctuations of the field. As seen from (9), the authors of [1] found only the third term in this expression(see formula (3.8) of [1] ) and in effect omitted the second and the fourth(the infinite sum), which together correspond to −T rρ R1 ln(ρ R1 /ρ R0 ), with their "approximation". The situation is indeed quite different for large n and for n ∼ 1. For n ∼ 1 all four terms in (9) or (10) are in general of the same order whereas for n ≫ 1 the vacuum contribution (8) dominates being proportional to n. All the other terms in (9),(10) are small compared to (8) at n ≫ 1, however, among them the largest contribution is due to the object's own Minkowski entropy S M . The cause of the error of the "infinitesimal" approximation used in [1] may be seen even from comparison of (4) and (5) . The relative difference between matrix elements(when the matrix ρ R1 is effectively reduced to the size of ρ R0 )
is small(and even zero !) only on average but can in fact be large positive, positive or even negative number of order 1. This behavior leads to large(compared to 1) on average difference
which was neglected in [1] . Similar conclusions can be made for the entropy of one-object state of n free fermionic(spin one-half) fields also considered in [1] .
Thus we have shown that large(in the sense of their large number of internal degrees of freedom) Quantum Field Theory objects have their own statistical properties(the entropy) practically unchanged in accelerated reference frame while the small ones can "dissolve" in Rindler space thermal bath. The last phenomenon may lead to some deep and important consequences that certainly deserves further investigation.
As for the real physical objects, their internal states number n depends, of course, on their energy E, unlike for the model system considered here and in [1] . Large n in general correspond to large E with respect to the energy of the smallest subsystems. High Unruh temperature corresponds to a strong accelerating field. When it exceeds the mass of elementary constituents of a given system the intensive spontaneous pair production of the constituents from vacuum -the Schwinger effect -may occur in Minkowski space(depending on the nature of the field). Its relation to the Unruh effect appeals to a deeper understanding than is currently available.
